Strains of Staphylococcus aureus containing two penicillinase linkage groups have been constructed experimentally. The type described first was a heterodiploid that carried two structural genes for chemically distinct penicillinases, each on a separate plasmid (14) .
Recently, Asheshov and Dyke prepared a second type of diploid strain that contains two copies of the same penicillinase gene, one copy apparently carried on the chromosome and the other on a plasmid (2) (5) . It was inducible for penicillinase production and resistant to cadmium and mercuric ions, genetic markers found on the penicillinase plasmid (15) . Unlike most penicillinase-positive strains, it was not resistant to arsenite or arsenate; its growth was inhibited by 10-4 M arsenite or 2.5 X 104 M arsenate.
PS 47 (NCTC 8325), PS 54 (NCTC 8329), and PS 7 (NCTC 8404) were the propagating strains of phages 47, 54, and 7 of the international set of staphylococcal typing phages.
Transduction. Genes were transduced from strain 55C1 to PS 47 either by an ultraviolet-inducible prophage which plaqued on PS 54, or by a variant (53,B) of phage 53 of the international set of typing phages. Transduction from PS 47 was mediated by the ultraviolet-inducible prophage described by Novick (12) . The procedure for transduction was essentially that of Pattee and Baldwin (3, 16) . For ultraviolet irradiation of phage, a 53,B lysate of strain 55C1 that contained about 5 X 109 plaqueforming units (PFU) was diluted 10-fold in phage buffer (12) . Approximately 5 ml of the phage suspension was rotated in a glass petri dish under a General Electric 30-w germicidal lamp at a distance of 31 cm. Samples were collected at various times for assay of PFU and for frequency of transduction of penicillinase genes. Transductants were selected on Brain Heart Infusion Agar (Difco) plates that contained 0.15 unit per ml of benzylpenicillin. For determination of sensitivity to cadmium ions, transductants were replicated to agar plates that contained 2.5 X 10-4 M Cd(NO3)2, and to plates that contained 0.15 unit of benzylpenicillin per ml. Sensitivity to mercuric ions was determined according to Green (6) .
Penicillinase. This enzyme was assayed iodomet- (12, 14) . For detection of penicillinase-negative or cadmium-sensitive segregants, the relevant organism was passed through three successive single-colony isolations. It was then grown overnight either at elevated temperature (usually 44 C, occasionally 40 C) or at 37 C in broth that contained 3 ,Ag of acriflavine per ml (7, 10) . Appropriate dilutions were plated and segregants were detected by replicaplating to media that contained 1 unit per ml of benzylpenicillin or 2.5 X 104 M Cd(NO3)2 . In a few experiments, penicillinase-negative segregants were sought by a starch-iodine method, with the use of 0.01 M 12 in 0.4 M KI and 100 mg of benzylpenicillin per ml (17) . Absence of penicillinase in segregants was confirmed by failure of a heavy inoculum to grow on plates that contained 0.15 unit of benzylpenicillin per ml. Cadmium sensitivity was confirmed by inability to grow on plates containing 2.5 X 104 M Cd(NO3)2 .
Genetic nomenclature follows that of Novick and Richmond (14) . Media used for routine growth and transduction have been described (3).
RESULTS
From 17,000 colonies of wild-type strain 55C1 grown at 44 C, we isolated 7 cadmium-sensitive strains. An additional cadmium-sensitive segregant was obtained by growth in acriflavine broth. These strains were penicillinase-positive and mercury-sensitive (p+cads). Their penicillinase gene was firmly bound. Penicillinasenegative variants were not obtained from a total of 290,000 colonies of one of these segregants after growth at 44 C, or after treatment with acriflavine or ethyl methane sulfonate. Evidence that the cadmium-sensitive variants resulted from a loss of a typical penicillinase plasmid was obtained from a study of the effects of ultraviolet on the transduction of penicillinase genes (Fig.  1) . The penicillinase gene linked to cadmium resistance (p+cadr) appeared to be extra-chromosomal since its frequency of transduction declined in parallel with plaque-forming ability; the p+cads linkage group apparently was chromosomal as was shown by the increased frequency of its transduction with ultraviolet irradiation of the phage (12) . After transduction into PS 47, the properties of the two penicillinase linkage groups were in accord with this interpretation. We obtained 14 cadmium-sensitive derivatives from 16 ,000 colonies of a p+cadr transductant after preliminary acriflavine treatment or growth at 44 C. All were penicillinase-negative. We obtained no penicillinase-negative strains from 13,000 colonies of a p+cad9 transductant in PS 47.
Cadmium-sensitive, penicillinase-positive segregants were obtained from a culture of strain 55C1 that was lyophilized in 1958, a result that supported the notion that the dual set of genes for penicillinase was not the result of an unrecognized recent mutation during repeated cultivation in the laboratory. Nevertheless, we cannot exclude the possibility of such an event from 1955 to 1958.
Exopenicillinase from p+cadr or p+cads transductants in PS 47 was activated equally (210%) by two rabbit antisera to penicillinase, as was the original serological type A penicillinase from S. aureus PC1, the antigen used to prepare the antisera (20) . These sera activated type B penicillinase to not more than 160% of control activity. Type C penicillinase was not activated. By this criterion, therefore, the products of the two p+ genes were not distinguishable. Nevertheless, we still lack genetic proof of the identity of the penicillinase genes in strain 55C1.
These experiments indicated clearly the existence of two different penicillinase linkage groups in strain 55C1. However, they did not dispose of the possibility, in our experiments, that each p+cads segregant was being derived de novo from a cell carrying the complete plasmid by some mechanism that resulted in recombination of the p+ region of the plasmid with the chromosome, and the loss of the remainder of the plasmid. Experiments with a mutant strain, 55C1-K3, weakly constitutive for penicillinase, supported the notion that 55C1 was natively diploid for penicillinase genes and gave evidence of its regulatory pattern. The p+cadr element was transduced from 55C1-K3 to PS 47 with selection for cadr. All transductants were fully constitutive for penicillinase (Table 1 ). These data indicated that 55C1-K3 bore a mutation on the p+cadr linkage group presumably in the regulatory (i) gene, which is closely linked to p+ (12) . All (8 of 15,000) cadmium-sensitive segregants of 55C1-K3 were wild-type inducible for penicillinase. The presence of an apparently normal i gene in these segregants makes it unlikely that they acquired their penicillinase linkage group from p+cadr by duplication, the more so since p+ has been mapped between i+ and the plasmid genes for metal ion resistance (13) .
After this preliminary isolation, the two penicillinase linkage groups were combined in PS 47 ( Table 1) . The progeny was a strain weakly constitutive for penicillinase, closely resembling strain 55C1-K3. Penicillinase formation was repressed similarly in cells that contained p+cads (14) bore both of the penicillinase genes on plasmids that had to be of different maintenance-compatibility types, each producing a structurally different enzyme. In these diploids, penicillinase production coded by a plasmid with an i-mutation was repressed to wild-type levels by the product of the i+ gene on the other plasmid, a regulatory effect comparable to that in lac diploids in Escherichia coli (8, 19 A similar, apparently chromosomally bound, genetic determinant of penicillinase formation has been found in another strain of S. aureus as a heat-stable revertant from a mutant with temperature-sensitive replication of the penicillinase plasmid (R. P. Novick, Bacteriol. Proc., p. 54, 1968).
The pattern of regulation of penicillinase in diploids in 55C1 does not suggest any major difference from that observed in PS 80. The product of a normal i gene in either location was evidently active in the trans position but repression was incomplete, especially in the strain that bore the regulatory mutation on the plasmid. Since we have been unable to place identical mutations in reciprocal locations on the plasmid and chromosome, we cannot compare position effects in our strain with those reported by Asheshov and Dyke.
Maximal enzyme formation by the p+cads linkage group from strain 55C1 was regularly less than that by p+cadr after induction with CBP, methicillin, or cephalosporin C in cells with wild-type genes or regulatory mutants. We do not know whether this is the result of structural differences in the genes, or a position effect. An analogy can be drawn to the increased induction of j-galactosidase or to the derepression of alkaline phosphatase in E. coli that carries the gene for either enzyme on an episome as opposed to that made by the same gene on the chromosome (4, 8, 18) . In PS 80, on the other hand, maximal penicillinase formation was the same in haploid cells that contained either p+cadr or p+cads Possibly this is related to the fact that, in this strain, p+ has properties of a chromosomal marker despite the apparently extrachromosomal position of p+ cadr in diploids or transductants (1, 2) . In our experiments, induced penicillinase production by diploids that were prepared in PS 47 by transduction was approximately equal to the sum of that expected from each linkage group separately, a gene dosage effect resembling that seen in strains of E. coli diploid for the lac operon (18) . This differs from the results reported in other S. aureus penicillinase diploids. In the plasmid heterodiploids, maximal induction led to the synthesis of about one-half as much enzyme of each type as it did in a haploid cell. The situation in the PS 80 diploids appears to be more complex (2) . The diploid with a regulatory mutation on the extrachromosomal linkage group was inducible to abnormally high levels of penicillinase, while, in the reciprocal diploid, enzyme formation was about the same as that in a haploid strain bearing either linkage group.
In general, our observations on penicillinase diploids in strain 55C1 parallel those reported for PS 80 (2), with some differences in detail. Regulation of staphylococcal penicillinase synthesis may be relatively complex. In addition to the restriction seen in plasmid diploids (22) and the position effects seen in the PS 80 and 55C1 diploids, there is evidence for at least two gene loci other than the i gene that may have regulatory functions (3, 21) . Unraveling these relations is a task for the future. We are indebted to Edith G. Vernon for assistance.
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